The Pliocene and Pleistocene sections recovered in a south-north transect (38-42°N, 155°E) in the northwestern Pacific during Leg 86 are largely undeformed, owing to use of the hydraulic piston corer. Twenty-two diatom datum levels are ranked and tied directly to the paleomagnetic reversal record. The following datum levels are biostratigraphically useful: (1) The middle to upper Miocene section recovered at Site 581 (44°N, 160°E) provides a new diatom zonation, based on second-order datum levels, for the high latitude Miocene. A late Miocene hiatus spanning the interval from 8.2 to 10.1 m.y. ago is identified at Site 581. The hiatus corresponds to Hiatus NH 5 of Keller and Barren (1983) .
INTRODUCTION
A series of excellent biosiliceous sequences from Sites 578, 579, and 580 were recovered on a south-north transect between 34 and 42 °N in the western North Pacific (Fig. 1) . The Pliocene and Pleistocene sequences were largely undeformed, owing to use of the hydraulic piston corer (HPC). The middle to late Miocene section, recovered at Site 581, contains abundant and well-preserved diatoms.
Through detailed investigations of piston cores, Deep Sea Drilling Project (DSDP) drill cores, and land-exposed marine sections during the past 10 yr., two main problems have appeared: provincialism and accurate age assignment (Koizumi and Burckle, 1984) .
Because of provincialism (i.e., the latitudinal dependence of diatom distribution after the Miocene) it is necessary to make up at least two kinds of zonal schemes or datum levels: one for low latitudes and another for high latitudes (Burckle and Opdyke, 1977) . The correlation between low and high latitudes was provided by diatom zones and by paleomagnetic reversal records tied to micropaleontological studies (Burckle, 1971; Burckle and Opdyke, 1977) . Meanwhile, the sites in middle latitudes allowed a comparison within the same material of zonal boundaries and datum levels in lowand high-latitude diatom zonation . The spatial and temporal distribution of zonal boundaries and datum levels have not been discussed in detail beHeath, G. R., Burckle, L. H., et al., Init. Repts. DSDP, 86 : Washington (U.S. Govt. Printing Office).
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igure 1. Location of sites occupied on Leg 86 in the western North Pacific Ocean. Areas shallower than 4 km stippled, 5-km contour plain, 6-km contour hachured.
cause of the lack of suitable and complete sections in middle latitudes. As concerns age assignment, more than 40 diatom datum levels have been directly tied to the paleomagnet-ic reversal stratigraphy in low latitudes (Burckle, , 1977 (Burckle, , 1978 Burckle and Trainer, 1979) . In low to middle latitudes, on the other hand, datum levels are tied to the paleomagnetics by such second-order methods as extrapolation from sediment accumulation rate curves based on these paleomagnetic ties in low latitudes (Barron, 1980 Keller and Barron, 1981; Keller et al., 1982; Barron and Keller, 1983) . Datum levels for the Pliocene and Pleistocene in middle to high latitudes are chronologically calibrated against the paleomagnetic stratigraphy in several areas Koizumi and Kanaya, 1976; Burckle and Opdyke, 1977; Ujiiè et al., 1977) . Miocene datum levels in Japan are chronologically tied to K-Ar and fission track dates (Koizumi, 1977) .
The purpose of this chapter is (1) to present the distribution of selected diatom datum levels in a southnorth transect from 34 to 42°N, (2) to propose a middle latitude diatom zonation for the Pliocene and Pleistocene, (3) to propose a high latitude diatom zonation for the middle to upper Miocene, and (4) to present accurate age assignment for the selected datum levels directly tied to the paleomagnetic stratigraphy (Bleil, this volume) in the same samples.
METHOD OF STUDY
In processing the materials before microscopic examination, Schrader (1974a) and Koizumi's (1980) procedures were modified on two points: (1) wet original material was dried in order to do quantitative analysis of diatoms, and (2) boiling and centrifuging were omitted so as not to destroy the more delicate diatoms. The procedure was as follows: About 1 ml of original wet material was placed in an oven at 60°C for 24 hr., 0.2 g of the dried-up material were placed in a 200-ml beaker of hydrogen peroxide solution (15%) and left to stand for 24 hr. After pouring off the suspension, the residue was diluted with 200 ml of distilled water and homogenized for about 3 s in an ultrasonic washer (Clean Matic; 20 W, 40 kHz) . Using a micropipette with disposable plastic tip (Justor-Jv 500 µl), 0.25 ml of this solution was placed on a grease-free cover glass (18 × 18 mm in size), dried on a hot plate at 50° C, and then mounted on a glass slide using Pleurax (refractive index = min. 1.50, alcohol solvent).
All diatoms were identified and counted until the number of individual specimens reached 200 (Sites 577, 578, and 581) or 300 (Sites 579 and 580) total, excluding Bacteriastrum spp. and Chaetoceros spp. The frequencies of Coscinodiscus wailesii and Ethmodiscus rex, which were found only as fragments, were excluded from the regular counting although they were larger in number. For the samples from Sites 577 and 578, 400 additional specimens were counted in order to decide the occurrence of stratigraphically important diatoms (a plus sign in Tables 1 and 2 ). The strewn slides that recorded poor preservation were examined entirely at × 700 (a black dot in Tables 1 and 2) .
Abundances for Sites 577 and 578 are graded as follows: B = barren, VR = very rare (<IOO individuals on one slide), R = rare (101-1000 individuals), F = few (1001-2000 individuals), C = common (2001-4000. individuals), and A = abundant (>4001 individuals). Quantitative abundance of diatoms was defined for each sample and related to 1 g of dried material for Sites 579 through 581. Estimates of preservation were based on the number of broken and dissolved diatom valves and expressed as follows: p = poor, m = moderate, and g = good.
Diatoms at Sites 577 and 578 were researched by Y. Tanimura and the residues were examined by I. Koizumi.
DIATOMS AT EACH SITE Site 577
Site 577 is located on the western flank of the Shatsky Rise. Hole 577 (32°26.5'N, 157°43.40'E, depth 2678 m) penetrated to a maximum depth of 118.8 m sub-bottom and terminated in a hard layer. The sediments recovered are nannofossil oozes.
Diatoms are few to very rare and their preservation is poor to moderate from 0.57 through 54.11 m (Samples 577-1-1, 56-57 cm to 577-6-7, 30-31 cm) . Diatoms are absent below the core catcher of Core 6.
Diatom assemblages in the interval from Samples 577-1-1, 56-57 cm through 577-3-5, 74-75 cm (0.57-23 .05 m below the seafloor) belong to the Pseudoeunotia doliolus Zone of . The Rhizosolenia praebergonii Zone in Samples 577-3-6, 74-75 cm to 577-4-2, 61-62 cm (24.14-27.92 m) is followed by the Nitzschia jouseae Zone in Samples 577-4-3, 61-62 cm to , although it is difficult to examine zonal boundaries because of dissolution of such key species as Rhizosolenia praebergonii and Nitzschia jouseae. In samples from Core 6 (45.11-54.11 m), because zonal guide species such as Nitzschia jouseae and Thalassiosira convexa are absent, the corresponding zones can not be assigned (Table 1) .
Site 578
Site 578 lies west of the Shatsky Rise in a large area of gently rolling seafloor. A thick section of late Neogene siliceous clay was recovered from Hole 578 (33°5 5.56'N, 151°37.74'E; depth 6010 m). The upper 76.8 m of siliceous clay is anoxic, gray and olive gray in color, with many pyrite-cemented layers. On the other hand, siliceous clay and clay from 76.8 to 124.5 m are oxidized, yellow brown and brown in color with rare ferromanganese nodules. From 124.5 to 176 m, the pelagic clay is "slick," predominantly dark to very dark brown, and very homogeneous. Drilling was stopped by chert at 176.8 m below the seafloor.
Diatoms are common to few and preservation is moderate. Sometimes they are very rare and poorly preserved in the upper 52.3 m (down to Sample 578-6,CC). From 53.5 to 116.7 m (between Samples 578-7-1, 121-122 cm and 578- 13-5, 135-136 cm) , diatoms are abundant to common and moderate to well preserved. They are absent below Core 13 (Table 2 , back pocket).
The stratigraphic occurrence of selected diatoms at this site is shown in Figure 2 .
The ten diatom zones defined in this chapter were recognized without zonal breaks.
Site 579
Site 579 lies near the southern margin of the transitional zone between the subtropical and subarctic gyres. A total of 149.5 m of siliceous clay was recovered from two holes at Site 579 (Hole 579, 38°37.68'N, 153°5 0.17'E, depth 5737 m and Hole 579A, 38°37.61'N, 153°50.28'E, depth 5737 m). Coring was terminated at 149.5 m because of increasingly poor recovery in wellindurated clayey diatom ooze.
Diatoms are generally abundant and well preserved throughout the entire section, except for two samples (579-2-4, 13-14 cm and 579-3-6, 115-116 cm) , where thev are few and moderately well preserved.
The eight diatom zones ranging from late Pleistocene through early Pliocene were recognized without breaks in Holes 579 and 579A (Table 3 , back pocket). Diatom assemblages in both the lower part of Hole 579 (from Sample 579-2-4, 123-124 cm through Sample 579-2-5, 123-124 cm) and the top of Hole 579A (from Sample 579A-1-1, 14-15 cm through Sample 579A-2-2, 13-14 cm) belong to the Rhizosolenia curvirostris Zone.
The stratigraphic ranges of diagnostic diatoms at this site are shown in Figure 3 .
Site 580
Site 580 lies at the northern margin of the transitional zone between the subarctic and subtropical gyres. A total of 155.3 m of Pleistocene and late Pliocene siliceous gray to dark gray and olive gray clay was recovered from Hole 580 (41°37.47'N, 153°58.58'E, depth 5375 m).
Diatoms are abundant and well preserved throughout the section. Seven diatom zones were recognized without zonal breaks in Hole 580 (Table 4 , back pocket).
The stratigraphic ranges of selected diatoms in this hole are shown in Figure 4 .
Site 581
Site 581 lies in the modern subarctic gyre, the location proposed for the Leg 88 downhole seismometer experiment. Because of the limited time available and the need to drill to basement to allow Leg 88 to plan their casing program, HPC sampling of the upper part of the sediment section at Site 581 was deferred until Leg 88. Hole 581 (43°55.62'N, 159°47.76'E, depth 5476 m) terminated in basalt recovered from 343 to 352.5 m subbottom depth. After Core 1 was recovered at the mud line (0-1.0 m), an interval of 180.5 m of sediment was washed away. The section from 181.5 to 223.6 m is anoxic, gray and green in color, biosiliceous clay to ooze. On the other hand, the sediments from 223.6 to 244.8 m consist of oxidized, yellow brown, biosiliceous clay. From 244.8 to 276.6 m, the sediment is "slick," fine-grained pelagic clay. From 276.6 to 343.0 m, nothing but chert fragments were recovered.
Diatoms are abundant and well preserved in Cores 1 through 8 (above 248 m), except for one sample (581-8-5, 110-111 cm) where they are very rare. In Core 9 (248.0-257.5 m), diatoms are very rare and only solution-resistant valves were recovered in the shipboard analysis. Diatoms are absent below Core 10.
A hiatus separates the Denticulopsis katayamae Zone and the Thalassionema schraderi Zone between Section 6 and the core catcher of Core 6 (Fig. 8) . The time gap over the zonal boundary is about 1.9 m.y. from 8.2 to 10.1 m.y. ago. This hiatus corresponds with Hiatus NH5 of Keller and Barron (1983) .
An early Pliocene to middle Miocene diatom biostratigraphy, typical of the subarctic region, was recovered (Table 5 ). The stratigraphic ranges of selected species at this site are shown in Figure 5 .
DISTRIBUTION OF LATEST MIOCENE TO PLIOCENE AND PLEISTOCENE DATUM LEVELS IN MIDDLE LATITUDES
Twenty-two important middle latitude diatom datum levels based on the data provided from Leg 86 are discussed. Figure 6 gives the temporal and areal distribution of these datum levels, which are defined by first and last occurrence of key species. As was done by Burckle (1977 Burckle ( , 1978 and Keller et al. (1982) , each datum level is ranked by order of reliability (Table 6 ), using the criteria of Hornibrook and Edwards (1970) , as follows:
First order: "Easily identifiable, common and persistent, either first rapid evolutionary appearance or highly consistent range." Second order: "Easily identifiable, fairly consistently present but not necessarily common, or first gradual evolutionary appearance is fairly consistent range." Third order: "Consistency of identification difficult or rare, or well defined ecologically or local geographic restrictions, or known in very few sections, or limits of range uncertain due to sampling gaps or disconformities."
The datum levels from youngest to oldest are as follows:
1. The last occurrence of Thalassiosira nidulus is slightly earlier in low-middle latitudes (0.39 m.y. ago) than in middle-high latitudes (0.28 m.y. ago). This datum level was first used to define the top of the Rhizosolenia curvirostris Zone . Because of the possible diachrony of this datum level in the middlehigh latitude eastern North Pacific it is assigned to a second-order category.
2. The last occurrence of Rhizosolenia curvirostris is almost synchronous at 0.30-0.35 m.y. ago in middlehigh latitudes. This datum level defines the top of the Rhizosolenia curvirostris Zone. This species is also distributed in the middle latitude eastern North Pacific . It is classified as a first-order datum level.
3. The last occurrence of Nitzschia reinholdii is almost synchronous at 0.47-0.52 m.y. ago in middle-high latitudes. Koizumi and Kanaya, 1976) indicated this datum level in the lower part of the Brunhes Epoch in the North Pacific. Burckle (1977) also reported this datum level as a first-order category with an age of approximately 0.63 m.y. in the equatorial regions. It is assigned to a first-order category.
4. The last occurrence of Nitzschia fossilis is remarkably synchronous at 0.55 m.y. ago in middle-high latitudes. Koizumi and Kanaya (1976) first reported this datum level in the lowest part of the Brunhes Epoch on the Choshi Peninsula, Central Japan. This species also disappears in the lowest part of the Brunhes Epoch in the equatorial regions (Burckle and Trainer, 1979) and is classified as a first-order datum level.
5. The last occurrence of Rhizosolenia matuyamai is slightly later in middle latitudes (0.85 m.y. ago) than in lower and higher latitudes (0.89-0.97 my. ago). described this species as ranging consistently from just below the Jaramillo Event to the lower part of the Jaramillo Event over the middle latitude North Pacific. Because of rare and sporadic occurrences it is classified as a second-order datum level.
6. The first occurrence of Rhizosolenia matuyamai is slightly earlier in middle latitudes (1.05 m.y. ago) than in lower and higher latitudes (0.91-1.00 m.y. ago). This datum level is put in a second-order category.
7. The last occurrence of Actinocyclus oculatus is earlier in lower latitudes (1.33 m.y. ago) than in higher lati- tudes (0.93-1.00 m.y. ago). showed that the extinction level of this species in the high latitude North Pacific is near the top of the Jaramillo Event. Because of the diachrony of this datum level, it is assigned to a second-order category. 8. The last occurrence of Thalassiosira antiqua is remarkably diachronous from 3.14 m.y. ago in lower latitudes to 1.43 m.y. ago in higher latitudes. This datum level has been used to define the top of the Thalassiosira zabelinae Zone and the Denticulopsis seminae var. fossilis Zone in middlehigh latitudes. It is a good marker species for high latitudes, but it is assigned to the third-order datum level due to the diachrony.
9. The first occurrence of Pseudoeunotia doliolus is slightly earlier in lower latitudes (2.00 m.y. ago) than in higher latitudes (1.89 m.y. ago). reported this datum level in the lower part of the Olduvai Event in the equatorial Pacific. This species is broadly distributed over the tropical and middle-high latitudes. It is assigned to a first-order category with an approximate age of 1.90 m.y. in middle latitudes.
10. The last occurrence of Rhizosolenia praebergonii is earlier (2.14 m.y. ago) in higher latitudes than in lower latitudes (1.66 m.y. ago). reported the extinction level of this species just after the Olduvai Event in the equatorial Pacific. It is a good marker species for low-middle latitudes, but it is classified as a second-order datum level because of the sporadic occurrence and the diachrony between low and high latitudes.
11. The last occurrence of Thalassiosira convexa is remarkably synchronous at 2.30 m.y. ago in middlehigh latitudes. used this datum level to define the top of "B" Subzone of the Rhizosolenia praebergonii Zone in the equatorial Pacific. This species is a cosmopolitan species and is assigned to a first-order category.
12. The first occurrence of Rhizosolenia praebergonii is slightly earlier in lower latitudes (2.58 m.y. ago) than in higher latitudes (2.40 m.y. ago). It is about 3.0 m.y. old in the equatorial Pacific, according to Burckle (1978) . Because of the diachrony between low and high latitudes, it is assigned to a second-order datum level.
13. The last occurrence of Bogorovia tatsunokuchiensis is almost synchronous at 2.50-2.55 m.y. ago in middle-high latitudes. This species, described by Koizumi (1972) , was the first to be related to the paleomagnetic reversal record. Because this species has only been reported from middle-high latitudes of the western North Pacific, it is assigned to a second-order datum level. 14. The last occurrence of Nitzschia jouseae is slightly later in middle latitudes (2.58 m.y. ago) than in lower and higher latitudes (2.48-2.50 m.y. ago). gave an approximate age of 2.55 m.y. for this datum level. Burckle and Trainer (1979) stated that the last true appearance of this species is older (2.7 m.y. ago) in a higher sedimentation rate core from the equatorial Pacific, and this datum occurs during the onset of a "glacial" event based on the isotopic data. The low Td (diatom temperature) values are observed for this stratigraphic datum at both Sites 579 and 580 (Koizumi, this volume) . Because of the wide application of this datum level it is ranked as a first-order category.
15. The last occurrence of Denticulopsis kamtschatica is synchronous at 2.50-2.58 m.y. ago in middle-high latitudes. This well-known datum was first used by . Burckle and Opdyke (1977) were the first to relate it to the paleomagnetic reversal record. This species is broadly distributed over the middle-high latitude North Pacific. It is assigned to a first-order datum level.
16. The first occurrence of Denticulopsis seminae var. fossilis is earlier in middle latitudes (3.70 m.y. ago) than in lower latitudes (3.36 m.y. ago). Barron (1980 reported that this datum level has an absolute age estimated at about 3.1 m.y. by the sediment accumulation rate curves in the middle latitudes of both the western and the eastern North Pacific. Burckle and Opdyke (1977) suggested, however, that this species occurred first at approximately 4.3 m.y. ago in two Lamont-Doherty Geological Observatory piston cores from the middle-high latitude western North Pacific, but they did not indicate the stratigraphic occurrence of this species. This species was not observed in Core 2 of Site 581, which is estimated by the sediment accumulation curve (Fig. 8) to be 3.4-4.4 m.y. old. Because of the diachrony of this datum level, it is classified as a second-order category.
17. The first occurrence of Nitzschia jouseae is at 4.50 m.y. ago at Site 578 (34°N). This age also agrees with an age estimated by the sediment accumulation rate curve for Site 581 (44°N). Burckle (1978) indicated that this species appeared in the upper "c" event of the Gilbert Epoch (-4.45 m.y. ago) in the equatorial Pacific. Because of the isochrony and the wide application of this datum level, it is ranked as a first-order category.
18. The first occurrence of Bogorovia tatsunokuchiensis is at 5.26 m.y. ago at Site 578, while the first occurrence of the datum is more recent (4.9-5.1 m.y. ago) at Site 581. Because it has only been reported from the middle latitude western North Pacific and is diachronous, it is assigned to the third-order datum.
19. The first occurrence of Thalassiosira oestrupii is at 5.35 m.y. ago at Site 578. used this datum to define the base of his Thalassiosira oestrupii (Barron, 1980; Keller and Barron, 1981; Keller et al., 1982) . Because of the possible diachrony of this datum level, it is assigned to a second-order category.
20. The last occurrence of Rouxia californica is at 4.40 m.y. ago at Site 578. pointed out that this datum marks the Miocene/Pliocene boundary. It has since proven to be a useful datum in the middlehigh latitude North Pacific (Barron, 1980; Keller and Barron, 1981; Koizumi, 1981 Koizumi, , 1983 . In this restricted area it is placed in a second-order category and has an age of approximately 5.1 m.y.
21. The last occurrence of Thalassiosira miocenica is at 5.35 m.y. ago at Site 578, while an age of 5.25-5.35 m.y. is estimated for this datum by the sediment accumulation rate curve for Site 581 (Fig. 8) . It indicates that the last appearance at middle latitudes is isochronous. Burckle (1978) reported that this species disappeared on the Miocene/Pliocene boundary in the equatorial Pacific. It is assigned to a second-order datum level with an approximate age of 5.35 m.y. in middle-high latitudes.
22. The last occurrence of Asterolampra acutiloba is at 5.35 m.y. ago at Site 578. The last Asterolampra acutiloba has an absolute age estimated at about 5.1-5.2 m.y. by the sediment accumulation rate curve for Site 581. Burckle (1978) indicated that this species disappears at the Gilbert/Epoch 5 boundary (-5.35 m.y. ago) in the equatorial Pacific. Because of the possible diachrony of this datum level, it is assigned to a second-order category. Figure 6 gives the occurrence of these 22 important datum levels in a south-north transect from 34 to 44°N, centered about 155°E, and Table 6 indicates the stratigraphic occurrence and chronology of these datum levels defined by the first or last occurrence of these diatoms at each site.
PLIOCENE AND PLEISTOCENE DIATOM ZONATION IN MIDDLE LATITUDES
The Pliocene and Pleistocene sections recovered in a south-north transect from Sites 577 to 581 in the middle latitude of the western North Pacific contain a mixture of both subtropical and subarctic diatoms. This fact allows us to propose a new diatom zonation for the Pliocene and Pleistocene (Fig. 7) . The zonal boundaries are judged to be first order because the datum levels that define them are tied directly to the paleomagnetic reversal record (Koizumi and Burckle, 1984) .
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Figure 2. Ranges and abundances of stratigraphically important diatom species at Site 578. Numbers next to ranges indicate selected datum levels as specified in 5.35 m.y. ago (between the base of the Sidufjall Event and the boundary of the Gilbert and Epoch 5 paleomagnetic polarity zone) at Site 578. The base of the Thalassioria oestrupii Zone may be correlated with the lowest reversed event of the Gilbert Epoch ( -5.1 m.y. ago) in the higher latitudes (Burckle and Opdyke, 1977) .
Correlation with other zones. This Thalassiosira oestrupii Zone correlates with the lower one-third of the Thalassiosira oestrupii Zone of Figure 3 . Ranges and abundances of stratigraphically important diatom species at Site 579. Numbers next to ranges indicate selected datum levels, as specified in Table 6 .
(1980) for Leg 57, off northeastern Japan. In low-middle latitudes, it correlates to the upper part of the Thalassiosira convexa Zone of . Important datums. The first occurrence of Bogorovia tatsunokuchiensis and the last occurrence of Asterolampra acutiloba and Thalassiosira miocenica coincides with the base of the Thalassiosira oestrupii Zone in middle-high latitudes. In the middle-high latitude western North Pacific, the first occurrence of Rouxia californica is used to approximate the base of this zone.
Remarks. The occurrence of Cosmiodiscus insignis
has not been recognized in the materials from Leg 86.
Original definition. Barron (1980) . . Ranges and abundances of stratigraphically important diatom species at Site 580. Numbers next to ranges indicate selected datum levels, as specified in Table 6 .
Paleomagnetic correlation. The top of the Nitzschia jouseae Zone is approximately 3.70 m.y. ago and the base 4.50 m.y. ago (between the uppermost reversed event of the Gilbert Epoch and the base of the Sidufjall Event, Gilbert Epoch). The top of the Nitzschia jouseae Zone correlates with the base of the Gauss Epoch at Site 578 (Fig. 2) and the upper half of the reversed event of the Gilbert Epoch at Site 579 (Fig. 3) , respectively.
Correlation with other zones. The Nitzschia jouseae Zone defined herein correlates with the lower half of the Nitzschia jouseae Zone of . This zone also correlates with Subzone c of the Denticulopsis kamtschatica Zone of Barron (1980) and the upper part of the Thalassiosira oestrupii Zone of .
Original definition. Paleomagnetic correlation. The top of the Denticulopsis seminae var. fossilis-Denticulopsis kamtschatica Zone is 2.58 m.y. ago and the base is 3.70 m.y. ago (between the uppermost reversed event of the Gilbert Epoch and the uppermost part of the normal event of the Gauss Epoch).
Correlation with other zones. The Denticulopsis seminae var. fossilis-Denticulopsis kamtschatica Zone defined herein is the same zonal definition as and Barron (1980) . It correlates to the upper half of the Nitzschia jouseae Zone of .
Important datums. The last occurrence of Bogorovia tatsunokuchiensis and Nitzschia jouseae coincides with near the top of the Denticulopsis seminae var. fossilisDenticulopsis kamtschatica Zone. The first occurrence of Rhizosolenia praebergonii is within this zone at Site 578.
Original definition. . Other discussion. Barron (1980 , Burckle and Opdyke (1977) , Paleomagnetic correlation. The top of the Thalassiosira convexa Zone is 2.30 m.y. ago and the base is 2.58 m.y. ago (between the uppermost part of the normal event of the Gauss Epoch and one third of the lower normal event of the Matuyama Epoch).
Correlation with other zones. The Thalassiosira convexa Zone correlates to the lower two-thirds of the Rhizosolenia praebergonii Zone of and the lower half of the Denticulopsis seminae var. fossilis Zone of Barron (1980) . Important datums. The first occurrence of Rhizosolenia praebergonii occurs within the Thalassiosira convexa Zone in middle-high latitudes (e.g., Sites 579 and 580).
Original definition. . Other discussion. , Barron (1980 . ago (between one-third of the lower normal event and the bottom of the Olduvai Event of the Matuyama Epoch).
Nitzschia fossilis
Correlation with other zones. The Nitzschia fossilis Zone correlates with the upper part of the Rhizosolenia praebergonii Zone of and the Denticulopsis seminae var. fossilis Zone of Barron (1980) . Important datums. The last occurrence of Rhizosolenia praebergonii is below the top of the Nitzschia fossilis Zone in middle-high latitudes although it is above the first occurrence of Pseudoeunotia doliolus in low latitudes (Burckle, 1977; Burckle and Trainer, 1979; Fig. 6 ).
Original definition. Koizumi, this chapter. and Barron (1980) and the lower part of the Pseudoeunotia doliolus Zone of .
Actinocyclus oculatus
Important datums. The first occurrence of Rhizosolenia curvirostris and Rhizosolenia matuyamai occurs near the top of this zone in middle-high latitudes.
Remarks. The base of the Actinocyclus oculatus Zone is Vr./i defined by the last occurrence of Thalassiosira antiqua, which is diachronous, but by the first occurrence of Pseudoeunotia doliolus (Table 6 ). The base of this zone is correlated with the Pliocene/Pleistocene boundary. A few Actinocyclus oculatus are usually observed in the upper zone with a break after the continuous occurrence in the Actinocyclus oculatus Zone in the high latitude region (e.g., Leg 19 and Leg 86, Site 580; .
Original definition. . Other discussion. , Burckle and Opdyke (1977) , Barron (1980 . Figure 5. Ranges and abundances of stratigraphically important diatom species at Site 581. Numbers next to ranges indicate selected datums levels, as specified in Table 8 . 4,CC/5-l,117 5-1,118/5-2,117 6-1,110/6-2,109 10-2,119/10-3,118 7-6,122/7-7,47 7-1,122/7-2,121 8-4,119/8-5,118 9-2,119/9-3,118 9-1,119/9-2,118 9-1,119/9-2,118 9-1,119/9-2,118 10-4,119/10-5,118 12-1,101/12-2,100 12-6,111/12.CC 12.CC/13-1,135 11-6,131/11-7,20 12.ee/ 13-l.135 12,CC/13-1,135 Stratigraphic levef 2-3,124/2-4,123 2-3,124/2-4,123 1-5,15/1-6,14 1-7,15/2-1,33 3-2,116/3-3,115 3-6,116/4-1,12 3-5,116/3-6,115 6-6,11/6-6,115 6-4,26/6-5,25 6-4,26/6-5,25 7,CC/8-l,132 8-4,133/8-5,132 8-6,133/9-1,30 9-1,31/9-2,30 9-1,31/9-2,30 12-4,17/12-5,16 -2,26/3-3,25 3-3,26/3-4,25 4-4,122/4-5,121 4-5,122/4-6,121 6-4,26/6-5,25 6-5,26/6-6,17 6-6.18/6.CC 9-2,24/9-3,23 11-1,23/11-2,22 12-3,104/12-4,103 11-5,106/1 l.CC 13-6.16/13.CC 14-4,131/14-5,130 14-2,131/14-3,130 14-5,131/14-6,130 Correlation with other zones. The Nitzschia reinholdii Zone correlates to Subzone a of the Rhizosolenia curvirostris Zone of Barron (1980) and within the Pseudoeunotia doliolus Zone of .
Nitzschia reinholdii
Important datums. The last occurrence of Nitzschia fossilis is nearly coincident with the top of the Nitzschia reinholdii Zone. The last occurrence of Rhizosolenia matuyamai occurs in the bottom of the Nitzschia reinholdii Zone.
Original definition. Burckle and Opdyke (1977) described without definition.
Other discussion. Barron (1980 . Correlation with other zones. The Rhizosolenia curvirostris Zone defined herein correlates with Subzone b of the Rhizosolenia curvirostris Zone of Barron (1980) . Important datums. The last occurrence of Thalassiosira nidulus coincides with the top of this zone.
Rhizosolenia curvirostris
Original definition. . Other discussion. , Burckle and Opdyke (1977) , Barron (1980 . Correlation with other zones. The Denticulopsis seminae Zone defined herein is the same zonal definition as and Barron (1980) .
Original definition. Donahue (1970).
Other discussion. , Barron (1980) . Figure 7 shows the diatom zonation for Leg 86 in middle-high latitudes with primary and secondary datum levels plotted against a paleomagnetic time scale from Berggren and others (1984) . Table 7 indicates the diatom zonation of samples from Leg 86, except Sites 576 and 577.
MIOCENE DIATOM ZONATION IN HIGH LATITUDE 4
The Neogene diatom zonation of has been recognized in middle-high latitudes of the North Pacific (Burckle and Opdyke, 1977; Barron, 1980 Harper, 1980) . New subzones and zones were proposed in order to make a critical resolution of stratigraphic problems (Barron, 1980; Koizumi, 1983) . The subdivision, recently proposed in Japan (Akiba, , 1983 , was also recognized at Prepared by I. Koizumi. Figure 7 . Estimated absolute ages for the Pliocene to Quaternary diatom zones in middle latitudes and the middle to late Miocene in middle-high latitudes. The paleomagnetic time scale is that of Berggren et al. (in press ). The Pliocene and Quaternary datum levels are tied directly to the paleomagnetic time scale (Berggren et al., in press ).
Other datum levels are extrapolated from the sediment accumulation rate curve. (B = first occurrence, T last occurrence.)
Site 581 in the high latitude North Pacific. These zones, instead of the Miocene zonation of Koizumi ( , 1983 and Barron (1980) , are defined by the taxonomic subdivision of "Denticulopsis lαutα" and "Denticulopsis hustedtii." Sediment accumulation rate curves for many sites show that most of the upper and middle Miocene datum levels (Table 8) , which were directly tied to the paleomagnetic stratigraphy of the equatorial Pacific by Burckle (1978) , are almost synchronous in the lower-middle latitude regions. The sediment accumulation rate curve based on these secondary datum levels plotted against a paleomagnetic time scale of Berggren et al. (in press) (Fig. 8 ) and the occurrence chart (Fig. 5) for Site 581 provide the means of estimating the absolute ages of diatom zonal boundaries. In the 202.99 to 228.01 m subbottom interval (between Samples 581-4-2, 98-99 cm and 581-6-6, 100-101 cm), the large amount of reworking of upper Miocene marker taxa is recognized. This reworking is probably due to a hiatus, as reflected in the sediment accumulation rate curve (Fig. 8 ) and in the change in lithology from gray to green reduced (pyritic) biosiliceous clay to ooze downhole to yellow brown oxidized biosiliceous clay and a downhole contamination by breccia deformed by drilling.
Zonal Definition
Denticulopsis praedimorpha Range Zone Top. Last occurrence of Denticulopsis praedimorpha. Base. Not defined herein, but Akiba (1983) proposed the first occurrence of Denticulopsis praedimorpha as the base of this zone.
Age. Middle Miocene (12.6-13.6 m.y. ago). Paleomagnetic correlation. None available.
Correlation with other zones. The Denticulopsis praedimorpha Zone correlates to Subzone b of the Denticulopsis hustedtii-Denticulopsis lauta Zone of Barron (1980) and Koizumi (1983) .
Important datums. The first occurrence of Hemidiscus cuneiformis occurs at the top of the Denticulopsis praedimorpha Zone.
Original definition. Akiba (1979) . Other discussion. , Akiba (1983) . Barron (1980) . Important datums. The last occurrence of Denticulopsis punctata var. hustedtii occurs within this zone. The first occurrence of Thalassiosira sp. 1 Barron (1980) occurs in the upper part of the Coscinodiscus yabei Zone.
Remarks. A biostratigraphic interval that is correlative with the Coscinodiscus yabei Zone defined herein has not been recognized in the zonal subdivisions by Koizumi (1983) .
Original definition. . lopsis hustedtii-Denticulopsis lauta Zone of Barron (1980) and Subzone c of the Denticulopsis hustedtii-Denticulopsis lauta Zone of Koizumi (1983) . Important datums. The last occurrence of Coscinodiscus yabei and Denticulopsis lauta is coincident with the top of this zone. The first occurrence of Nitzschia porteri is in the upper part of the Denticulopsis dimorpha Zone.
Denticulopsis dimorpha
Original definition. . Barron (1980) and Koizumi (1983) .
Denticulopsis katayamae
Remarks. The Subzone a/Subzone b boundary of the Denticulopsis hustedtii Zone, which correlates with the top of the Denticulopsis katayamae Zone, is within the middle part of Epoch 8 (about 8.6 m.y. ago) in the equatorial Pacific and also in the middle latitude North Pacific (Barron, 1980; Keller et al., 1982) by the last occurrence of Coscinodiscus yabei.
Original definition. . Barron (1980) and Koizumi (1983) by the sporadic occurrence of Denticulopsis kamtschatica near the top of this zone.
Rouxia californica
Important datums. The first occurrence of Bogorovia tatsunokuchiensis and Thalassiosira oestrupii is coincident with the top of the Rouxia californica Zone. Also, the last occurrence of Asterolampra acutiloba occurs near the top of this zone. The last occurrence of Thalassiosira praeconvexa and Nitzschia miocenica is within the upper part of this zone. The first occurrence of Nitzschia miocenica occurs within the middle part of this zone.
Original definition. Akiba (1983) .
In Figure 9 , the proposed diatom zonation is correlated with the lower latitude diatom zonation of , middle-high latitude diatom zonation of Koizumi ( , 1983 , the diatom zonation off northeast Japan of Barron (1980) and Akiba (1983) , and the low-middle eastern North Pacific and the California area of Keller and Barron, 1981; Barron and Keller, 1983) .
CONCLUSIONS
Twenty-two diatom datum levels for the latest Miocene to Quaternary, which were defined according to first or last occurrences of a species, are evaluated on the basis of their spatial and temporal distribution in middle latitudes.
Nine diatom zones, based on first-order datum levels, are proposed for the Pliocene and Quaternary in the middle latitudes. Koizumi ( , 1980 , Leg 56 by Harper (1980) , Leg 57 by Barron (1980) and Leg 87 by Akiba (1983) , and the low-middle eastern North Pacific zonation in Leg 63 by .
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Triceratium cinnamomeum
